Objectives -To assess the accuracy of ultrasound in the measurement of aortic diameter. Setting -A general practice based screening programme for abdominal aortic aneurysm. Design -(a) comparison of ultrasound with computed tomography (CT) measurement; (b) two period crossover study to assess interobserver error; (c) comparison of ultrasound measurements by technicians and radiologists. Results -In 36 patients where CT showed clear maxima in anteroposterior diameter, the measurement by ultrasound was consistently less than by CT scan (mean ultrasound -CT difference -4'4 mm, range -12'3 to 2'4 mrn), There was no difference in the measurements made by different ultrasonographers, but their method of measurement produced a reading for aortic diameter less than that obtained by a vascular radiologist. Conclusions -These' results show that ultrasound measurement is less accurate for smaller aneurysms, consistently gives a smaller reading for aortic diameter when compared with CT measurement, but was reproducible between ultrasonographers. Monitoring and audit of aneurysm screening programmes to assess accuracy and reproducibility of ultrasound measurement is recommended.
Abstract
Objectives -To assess the accuracy of ultrasound in the measurement of aortic diameter. Setting -A general practice based screening programme for abdominal aortic aneurysm. Design -(a) comparison of ultrasound with computed tomography (CT) measurement; (b) two period crossover study to assess interobserver error; (c) comparison of ultrasound measurements by technicians and radiologists. Results -In 36 patients where CT showed clear maxima in anteroposterior diameter, the measurement by ultrasound was consistently less than by CT scan (mean ultrasound -CT difference -4'4 mm, range -12'3 to 2'4 mrn), There was no difference in the measurements made by different ultrasonographers, but their method of measurement produced a reading for aortic diameter less than that obtained by a vascular radiologist. Conclusions -These' results show that ultrasound measurement is less accurate for smaller aneurysms, consistently gives a smaller reading for aortic diameter when compared with CT measurement, but was reproducible between ultrasonographers. Monitoring and audit of aneurysm screening programmes to assess accuracy and reproducibility of ultrasound measurement is recommended. The use of ultrasound as a measurement technique in screening for abdominal aortic aneurysm is well established, and several community projects are currently in progress. [1] [2] [3] Our own programme aims at identifying patients with large aneurysms (greater than 6 ern) and those with rapidly expanding aneurysms who are offered elective surgery. How well these objectives are achieved will depend on the accuracy of the ultrasound measurement. Studies of ultrasound and computed tomography (CT)4-7 have noted that both techniques can effectively be used to detect abdominal aortic aneurysms but have not considered their accuracy in detail. This study was designed to determine the accuracy of ultrasound within our long running screening programme.
Materials and methods
We have been screening a group of general practice patients aged 65 to 80 years since 1984.
1 Over 4000 patients have been examined, and patients with an abdominal aortic aneurysm (defined as an aortic diameter of 3·0 em or greater) were recalled for further assessment. Patients with an abdominal aortic aneurysm of between 3·0 and 4·4 ern undergo a repeat annual ultrasound measurement, but if the aneurysm is 4·5 ern or greater then ultrasound measurements are made every three months. Two hundred and eighteen patients with an abdominal aortic aneurysm have been detected. An operation was suggested to 28 patients": those whose aneurysms had reached 6·0 em in diameter, those whose aneurysms had expanded by more than 1·0 em in 12 months, and those who were symptomatic.
We determined the accuracy of ultrasonographers in measuring aortic diameter in three ways: by comparison with CT measurement, by comparison with other ultrasonographers, and by comparison with ultrasound measurement obtained by an experienced vascular radiologist.
COMPARISON OF ULTRASOUND WITH CT (53 PATIENTS)
Fifty three patients who attended for ultrasound examination (43 men, 10 women; mean age 73·7 years, range 65-82) underwent CT scan on the same day. These patients were selected to give a broad range of aortic diameters. Ultrasound measurements were made by an experienced vascular ultrasonographer using an SLI scanner (Siemens, Sunbury-onThames, United Kingdom) with a 3·5 MHz probe (linear array). The aorta was examined from the renal arteries to the aortic bifurcation. Measurement of the maximum anteroposterior and transverse diameters was made by electronic callipers on the console display of the instrument, and a hard copy was obtained.
Computed tomography scans were obtained with a SYTEC 3000 scanner (IGE, Slough, United Kingdom). Patients were scanned from the xiphisternum down to the aortic bifurcation taking 10 mm thick slices at either IS or 
Two period crossover analysis of ultrasonographers' (A and B) measurements (15 patients)
tThe anteroposterior values are equal for ultrasonographer and period difference because the mean difference before separating these two sources of difference was zero.
COMPARISON OF ULTRASONOGRAPHER AND RADIOLOGIST (29 PATIENTS)
Twenty nine patients with an abdominal aortic aneurysm who had been examined by an ultra-25 mm intervals to a maximum limit of 11 slices. Accordingly, between four and 11 aortic cross sections were available for analysis. Aortic diameters (maximal external) were again measured using electronic callipers, and films were made for subsequent analysis. The variation in aortic diameters measured by ultrasound and CT was investigated using the method of "limits of agreement" described by Bland and Altman."
Results Ultrasound and CT measurements were available in 53 patients. Aortic diameters measured by ultrasound were smaller than those determined by CT, and the variation was independent of the overall aortic diameter (fig 1) . Overall the mean difference was -3·7 mm, range -12·3 to 10·6 mm. The number of CT sections available for each patient varied and a clear maximum in the anteroposterior diameter was only seen in 36 patients, most of whom had had eight or more CT slices. In this subgroup of patients aortic diameters measured by ultrasound were still significantly less than those obtained by CT (mean ultrasound-CT difference -4'4mm, P<O'OOl, range -12·3 to 2'4mm, 95% limits of agreement -10·7 to 1·9 mm). The reliability of the ultrasonographers in measuring aortic diameter was assessed by a two period crossover analysis (table). There was no significant difference between the ultrasonographers in measuring either the anteroposterior or transverse diameter. There did appear to be a significant period effect (P = 0'004) between the two assessments of transverse diameter, however, presumably due to an increase in size in some aneurysms with time.
Finally, in 29 patients the results of the ultrasonographer were compared with those obtained by an experienced vascular radiologist (fig 2) . Measurements obtained by ultrasonographers tended to be smaller than those of radiologists for both the maximum anteroposterior diameter and the transverse diameter (anteroposterior diameter difference: mean -2·9 mm, limits of agreement -8·7 to 2·9 mm; transverse diameter difference: mean -4·0 mm, limits of agreement -14·3 to 6·4mm). sonographer underwent repeat measurement by an experienced vascular radiologist (DNK), who had no knowledge of the measurements obtained by the ultrasonographer. Observer variation was again analysed using the method of Bland and Altman." 
COMPARISON OF ULTRASONOGRAPHERS' MEASUREMENTS (30 PATIENTS)
Patients with an abdominal aortic aneurysm undergo serial measurements and are examined at intervals determined by the initial size and rate of growth of the aneurysm. Two subgroups of 15 patients were selected from these recall patients to assess ultrasonographer reliability. Group 1 were examined by ultrasonographer A on their first visit and by ultrasonographer B three months later. For group 2 ultrasonographer B made the first measurement and ultrasonographer A the second measurement three months later. The results were assessed using the two period crossover analysis described by Hills and Armitage. 10 This technique gives an assessment of interobserver error which discounts within subject variation over time ("period effect").
Screening for abdominal aortic aneurysms using ultrasound

Discussion
In England and Wales it is estimated that between 6000 and 10 000 people die each year from rupture of an abdominal aortic aneurysm.!' Improvements in vascular surgery have made little impact on overall mortality because most patients die before reaching hospital. Emergency surgery on patients with ruptured aneurysm is associated with mortality in excess of 50%.12 It seems logical to offer elective surgery to patients with an abdominal aortic aneurysm, which carries a mortality of between 2 and 5%.13 On this basis, local screening programmes have been organised,1-3 and it has been suggested that a national screening programme should be adopted. 14 Mass screening should be based on a test which is sensitive, accurate, and reproducible over a period of time and which can be carried out by different operators in different centres. Maloney et ai l 5 found that ultrasound tended to overestimate aortic diameter size compared with intraoperative measurements, but only three of 40 measurements varied by more than 1 em, Hertzer and Beven" found that aortic anteroposterior diameters measured by ultrasound were within 1 em of the operative measurement in 49/53 (92%) cases. More recently, Graeve er al" reported an average difference of only 0·3 em between ultrasound and intraoperative measurement of anteroposterior diameter. In a continuing screening programme, however, operative measurements are only available in those few patients with larger aneurysms who receive surgery.
Previous studies compared the results of ultrasound and CT, assuming the latter to be the 'gold standard' non-invasive test and made no reference to the potential errors of CT itself." For example, Graeve et a[l7 reported that CT underestimated anteroposterior diameters by an average of 6 mm when compared with the operative measurement. They also pointed out the difficulty in defining the posterior wall of aneurysms and that CT could underestimate aortic diameter in the anteroposterior plane by an average of 10 mm when other points of reference were used (for example, interface between thrombus and wall). Admittedly, this conclusion was based on only six of the 13 patients who had ultrasound measurements and received surgery. In contrast, in a more recent study of 34 patients Gomes and Choyke'" found that CT correlated well with intraoperative measurements, confirming their findings from a previous study. 20 Similarly, Papanicolaou et af l found excellent correlation between CT and intraoperative measurement. Therefore although CT may not be the ideal comparison, we accept that it is the best alternative available to test the accuracy of ultrasound.
In this study the anteroposterior aortic diameter measured by ultrasound was significantly smaller than when measured by CT. For the group of patients who had CT scans in which relatively few sections were performed the maximum aortic diameter was uncertain. We recognise that multiple sections may be necessary to minimise errors that can arise 5 owing to the tortuosity of the aorta. When this group with potentially less reliable CT scans was excluded the ultrasound measurement was still significantly smaller than the aortic diameter measured by CT scan.
Results from previous studies comparing ultrasound and CT are variable. In the Gomes and Choyke study (28 patients) ultrasound underestimated the anteroposterior diameter by a mean of 2 mm compared with CT, but there was marked variability in individual cases.'? Thus ultrasound underestimated the size of the aneurysm by at least 1 em in six (21 %) patients and overestimated it by 1 ern in a further 10 patients (36%). Surprisingly, Ellis et a[ls found that ultrasound significantly overestimated the aortic diameter compared with CT, though this was less apparent in the anteroposterior than in the transverse diameter. They noted that in theory ultrasound should avoid overestimation of the aortic diameter which may occur with CT in patients with a tortuous aorta. Like Ellis et al we found that the accuracy of ultrasound measurement was independent of aneurysm diameter and was therefore relatively less accurate for small aneurysms.
The second part of our study, comparing different ultrasonographers, showed that their measurement of the diameters of abdominal aortic aneurysms was reliable. The crossover study identified variability, but this seemed to be due to progression of disease -the "period effect" described by Hills and Armitage," rather than to interobserver error, presumably due to an increase in aneurysm size with time. When Nevitt et af 2 carried out their population based study of aortic aneurysms there were no published data on interobserver or intraobserver error using ultrasound. Subsequently, Kent Yucel et af 3 found that when carefully standardised techniques were used the interobserver variability was 2·53 mm for the anteroposterior measurement in the axial plane. Using three different cuts they found intraobserver error was 2·91 mm for ultrasonographers and 2·74 mm for radiologists. Ellis et a[ls reported that for a single observer an increase in anteroposterior diameter measured by ultrasound of > 5 mm indicated significant expansion and that differences of > 8 mm would be significant for different observers. We have been unable to reproduce these results in this study, which suggests that an ultrasound procedure which is technically effective in a specially designed study cannot necessarily be used in a screening programme.
Nevitt et af 2 reported that 20% of serial ultrasound measurements studied retrospectively documented a decrease in the size between the first and second readings and suggested several reasons for this other than observer error. They mentioned changes in the method of measurement, changes in equipment, regression to the mean, and day to day biological variation in the aneurysm size. Although most people agree that the anterior measurement is taken as the initial echo generated from the outer aspect of the anterior wall (leading edge), the posterior measurement can be more difficult to identify. It may be taken as the interface between the aortic lumen and posterior thrombus, the interface of the thrombus and aortic wall, or the anterior aspect of the spine." We believe that lack of standardisation of technique may account for differences in readings between ultrasonographers and in particular between ultrasonographers and radiologists.
This study has highlighted some of the practical problems of a continuing screening programme. In our screening programme ultrasound appears to be reproducible and accurate in comparison with CT. Consistent results are important if a policy of observation is to be adopted for aneurysms up to 6 ern and if decisions to operate are to be based on expansion rates. Based on this study we recommend that apparent expansion of an aneurysm by more than 1 em is significant and not due to inaccuracies of our screening technique. It is clear that screening programmes for abdominal aortic aneurysms must be carefully organised and the results regularly audited to ensure that the methods used are accurate and standards are maintained. 
